Abstract. In the course of this research work woven synthetic prosthesis reinforced with natural silk yarns was designed and manufactured. Biomechanical properties of surgical natural silk were studied during designing of the structure of the walls of the prosthesis. The experiment gave good data of elasticity and strain properties in a process of laboratory testing of samples of natural fibers. The previous practical experience was also used, for example, various vascular prostheses made from polyurethane complex yarns and polyester monofilaments. As a result, the authors of the scientific work proposed a combined wall structure of vascular prosthesis, consisting of polyester, polyurethane, and natural silk surgical yarns. After the implantation of the synthetic prosthesis reinforced with natural silk yarns, these natural silk yarns completely dissolve in the body for several years. Living tissue is gradually growing into the walls of synthetic prosthesis, replacing dissolved natural silk yarns. Experimental tests confirmed that a modulus of elasticity of innovative prosthesis is close to modulus of elasticity of natural blood vessels. The innovative structure of blood vessel prosthesis combined with such parameters can provide a long-term normal hemodynamics.
I. INTRODUCTION
The heart is the main organ of the vascular system. It continuously performs the pumping function. The human heart does more than 100000 beats per day (an average of 70 beats per one minute), during this time it can pump large amounts of blood (approximately 7000 liters).
During the process of blood pulsing diameter of a natural blood vessel is extended from 10% till 12%. The diameter of vascular implants used in the surgery extends only from 3% to 5%. This means that the biomechanical properties of such implants cannot fully ensure the blood wave move in the vascular system. This factor creates tension in the anastomosis and it can break the connection place of the prosthesis with a natural blood vessel. This intense exposure can cause hyperplasia of intima and aneurysm, as well as have a negative impact on the overall vascular system. Synthetic implants are used to treat a variety of diseases associated with impaired patency of blood flow through the main blood vessel, when the heart muscle and other organs do not receive enough oxygen and nutrition. Usually, this pathology is revealed in the form of deposits on the walls of the blood vessel or formation of plaques. In this case, sclerotic changes occur in some parts of the vascular system. Then the inner diameter of the lumen of blood vessel becomes narrow. In the case of a large stage of sclerosis cardio-surgeons often make an operation using artificial implants.
Different types of textile materials are widely used in various types of heart surgery. For example, textiles actively used for the manufacturing of artificial valves and as a special suture material for the heart [1] [2] [3] .
II. PRACTICAL EXPERIENCE OF DIAGNOSTICS
Method of x-ray of the pathology of the blood vessels is considered to be quite complex. The most accurate images are obtained after injection of contrast material in coronary artery and others. In this case, the surgeon sees all the changes in the diameter of lumen and blockage of the blood vessels. After the diagnosis the doctor determines the method of treatment of the patient. Usually the doctor makes the decision to do surgery if other methods are not effective.
For these purposes an implant made of composite structural material is needed which has the necessary properties to solve the problems of vascular surgery, such as restoring the overall functionality of the body, replacing a section of atherosclerotic damaged blood vessel.
The morphological basis of blood vessel walls is unique elastic collagen frame or skeleton. The outer shell of this skeleton provides a process of the ingrowth of capillaries, promotes the formation of proximal and distal sites, as well as dampens wave pounding of blood pulsation.
Currently, surgeons use vascular implants that are not able to function similarly to nonlinear elastic natural blood vessel walls. Such implants are not capable of adequately pulsating under conditions of real hemodynamics.
Manufacturers of vascular implants often make the synthetic prosthesis as a tubular material (woven, knitted, braided) and then they make a wavy or goffered wall on this product during a subsequent process of finishing. Goffered vascular prosthesis can promote the blood flow turbulence in the segment of lumen where it is implanted. This goffered structure of the implant changes the speed of the blood flow and changes the blood pressure on the walls of the implant and other vessels. Unwanted turbulent processes of the blood contribute to the formation of organic deposits on the walls of the prosthesis and consequently contribute to the formation of blood clots in the vascular channel. Goffered implant may well become deformed in the longitudinal direction because of wavy surfaces of walls. In the process of elongation the elastic parameters change also in radial direction. Prosthesis with this structure sooner or later suffers from thrombosis. Such lesions are found in the practice surgery in 25% of cases. Some doi: 10.7250/mstct.2013.003 specialists use polytetrafluoroethylene implants with an additional attached polymer impermeable liner to a tubular skeleton. The deformation criteria of such implants with liner do not meet biomechanics properties of human blood vessels.
Scientists of economically developed countries continue to research in this scientific direction. Practical researchers use various polymer materials in the implants. The main task is to produce vascular prostheses, which can ensure a normal long term hemodynamics in the reconstructed vascular system.
The main problem of modern vascular surgery is the absence of vascular implants with biochemical properties similar to properties of the human blood vessel.
In our case, the authors have continued to develop prosthetic devices that are closest to the properties of the human blood vessel.
In the process of scientific and practical work the authors suggested new models of implants.
Testing the new prosthesis effectively confirms a good modulus of elasticity and the prosthesis must possess excellent elastic properties in the longitudinal and radial directions. The developed innovative wall structure must provide all these properties, as well as allow partially degraded in vivo. This partial degradation of natural fibres will contribute to a better incorporation of live tissue in a synthetic wall.
All these properties are very important because implants of the new structure will function under pressure, ensuring normal hemodynamics.
This research was based on the previously conducted research in this area. The authors also take into account the huge international scientific expertise and basic scientific, practical work and publications in the field of the development of vascular implants.
III. THE RAW MATERIALS FOR THE PRODUCTION OF VASCULAR

IMPLANTS
The geometric shapes of the prosthesis and prosthesis wall structure influence on its functionality. The practical implementation of the requirements of the implants also depends on the properties of the raw material. Properties of synthetic raw material influence on the desired properties of vascular tubular prostheses.
Any material that is used for vascular prostheses should include the following properties (Ailyn Tekin, 2009): -Biocompatibility and non-immunogenicity; -Long term chemical and mechanical stability; -Processability; -Viscoelastic properties similar to blood vessels; -Adequate, manageable pore size and distribution; -Prevent graft leakage which can lead to seroma formation and blood loss, be abrasion resistant; -Promotes cell attachment and angiogenesis; -Low toxicity, locally, systemically and from degradation products; -Absorbable/Non-absorbable (depending on the situation); -Ability to release bioactive compounds; -Smooth blood flow surface.
The main requirements for tubular implants are indicated in international standards (Cardiovascular implants -Tubular vascular prostheses, ISO 7198:1998) and in some national standards (American National Standard): biocompability, biostability, thromboresistence, tissue incorporation, sterility, etc.
All synthetic implants are not entirely inert to living tissues. The main thing, bio-resistant fibrous materials can optimally operate without living tissue inflammation. Polyester, polyurethane, natural surgical silk are referred to as biologically non-toxic and mechanically compatible materials.
Natural silk sutures are relatively strong and elastic (elongation to break approximately 20%). Natural silk yarn structure is destroyed at temperatures 175°C. Natural silk completely dissolves in the living organism within two-three years. Bio-degradation depends on several factors: physical, chemical and biological, but the main role of the process of bio-degradation has the activity of enzymes. The effect of enzyme accelerates the process of destruction [4] .
Natural silk sutures are also smooth. Surgical silk sutures are successfully used in the sewing together of implants with natural blood vessels. Natural silk threads are successfully used in plastic surgery and other surgical operations.
It has been scientifically proven that natural silk threads are able to provide the anti-thrombotic inner surface of the implant, as well as the normal flow of blood in the reconstructed vascular system. Hemodynamics and antithrombotic indicators of the vascular prosthesis made of natural silk are better than vascular PTFE prosthesis [5] .
In the process of scientific and practical research [6] scientists found that natural silk vascular prostheses of small diameter (1.5 mm) successfully regulate blood pressure and blood flow in the body of the rat one year after the implantation.
Many international scientific studies confirm the suitability of natural silk material in surgery and medicine [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Silk surgical sutures are able to resist the effects of microorganisms, toxins and antibiotics. Natural silk is bio-resistant for a living organism. These yarns dissolve (bio destruction) within two to three years without adverse effects. The authors of this study have tested biomechanical characteristics of yarns made of natural silk. Such testing was necessary in order to properly use these yarns in wall innovative structure of the woven vascular implant. Testing of biomechanical properties was carried out on the test machine Zwick/Roel 500N using a special computer program. In the course of the experiment natural silk yarns with linear density 10.00 Tex have been used.(See Figure 1) .
The experimental results confirmed that natural silk surgical suture has good biochemical properties. For example, maximum strain: ε max = 21.75 %. This material quite rightly can be used in the structure of vascular implants. However, bio-absorption of these yarns contributes to normal hemodynamics in the reconstructed vascular system. Living tissue and small blood vessels will grow in the place of the dissolved filaments. Synthetic prosthesis will gradually be similar to the natural blood vessel.
IV. WOVEN VASCULAR IMPLANTS WITH INNOVATIVE WALL
STRUCTURE
The implant should be able to pulsate. It is a very important condition for its normal functioning. This means that the prosthesis must be able to deform under internal pressure at 10-15% in the radial direction.
The most important indicator is the modulus of elasticity of the implant. This parameter was studied during the testing of the new prototype. Modulus of elasticity of the implant should be similar to modulus of elasticity of human blood vessel.
During this practical research several samples of aortic implants were manufactured using the technology of weaving (2/2 twill weave). Polyester, polyurethane and natural surgical silk were used in the process of weaving. (See Figure 2 Warp system device. The first bundle consists of two polyurethane yarns and one polyester yarn. The next bundle consists of two polyurethane yarns and one surgical natural silk yarn. Eight bundles are inserted into one tooth of reed. Then three empty teeth of reed follow. Eight bundles into one tooth again follow after three blank teeth.
Weft system consists of only polyurethane yarns. This device of yarn system and weft system provides the deformation properties of the woven prosthesis.
Samples of prostheses have been tested on a special load stand with fixing values of internal pressure, stress and strain.
The testing regimes were conventional -standard conditions.
This stand is equipped with a digital video camera. In the process of testing this equipment provides measurement and commits all indicators of stress and deformation, as well as visual modifications of the sample. Increment of loading is 20 mmHg. In the course of the experiment the load is gradually increased to a critical load value of 220 mmHg. (See Fig.3 The test results show that the vascular implant reinforced with natural silk yarns is capable of normal pulsate. Modulus of elasticity of the implant under a normal pressure (100 -120 mmHg) is 2.92 MPa, but modulus of elasticity under the maximum critical pressure (200 -220 mmHg) is 6.75 Mpa. These figures (E1 = 2.92; E2 = 6.75) compared with the human aorta elastic modulus (E = 3.00 -10.00 Mpa) are very good.
All other properties of the innovative product will be tested in the course of further research, including preclinical testing.
V. CONCLUSIONS
Modulus of elasticity, as the most accurate parameter of biomechanical properties, confirms that these prostheses can ensure a long-term normal hemodynamics in restored vascular system. Reinforced with natural silk yarns the structure of an implant should provide a better integration of the prosthesis into living tissue.
